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Abstract 
Frequency and intensity of drought have troubled sustainable agriculture and worsened food insecurity 
of Ethiopians. This study aimed to investigate climate change-induced agricultural drought over the 
moist-cool and moist-warm climatic zones, using historical precipitation and temperature data recorded 
in the crop growing months for 35 years. The changes of temperatures and precipitation were analyzed 
using Mann Kendall trend test. Agricultural drought indices were analyzed using R-model by 
withdrawing potential evapotranspiration from precipitation to determine the existing water balance. 
The values of drought indices were used to characterize the duration, severity, intensity and trends of 
agricultural drought. Results showed that the changes in maximum and minimum temperatures and 
precipitation were significantly stronger in the Ale Woreda (P<0.05). However, minimum temperature 
and precipitation in Adami-Tulu did not noticeably change. The spatial drought events occurred more 
widely in Ale than in Adami Tulu. The events occurred 12 and 17 times with cumulative severity indices 
of 41.95 and 48.22 in Ale and Adami-Tulu, respectively. Agricultural drought intensities of the two 
districts were labeled as “severe” and “moderate dry”, for Ale and Adami-Tulu, respectively. The 
intensity of drought in Ale district significantly increased (P<0.05) and that in Adami-Tulu negligibly 
changed. Therefore, the study explicitly showed that more changes in temperature and precipitation 
aggravated agricultural drought in Ale than in Adami-Tulu more intensely and it is suggested that more 
attention shall be paid to Ale Woreda. 
Keywords: agricultural drought, eco-climatic zones, climate change, potential evapotranspiration, 
precipitation, temperature 
 
Cite this as: Benti, F., & Chimdi, A. (2019). Climate Change-Induced Agricultural Drought over Moist-Cool 
and Moist-Warm Climatic Zones: A Case Study in Ale and Adami-Tulu Woredas, in Oromia National Regional 
State, Ethiopia. Caraka Tani: Journal of Sustainable Agriculture, 34(2), 188-199. doi: http://dx.doi.org/10.20961/ 
carakatani.v34i2.29344 
 
 
INTRODUCTION  
Climate change is regarded as a future 
potential threat that will influence sustainable 
agriculture. It intensifies hydrological cycle and 
evapotranspiration at local and global scales and 
will increase drought in the future; in particular, 
short-term drought will be more influenced by 
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climate change (Lee et al., 2017). Drought is an 
abnormal part of the climate that can occur in any 
place and time and it is considered the most severe 
natural hazard (Svoboda and Fuchs, 2017). A 
greater proportion of the population in different 
parts of the world was affected more severely by 
drought than by other natural disasters. For 
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instance, in Sahara desert of Africa, drought 
events account less than 20% of natural disasters, 
but account for over 80% of the affected 
population (United Nations, 2011). The disaster 
can have a substantial impact on ecosystems and 
many economic sectors, predominantly on 
agriculture and food security (Arndt et al., 2012). 
An unanticipated climate shocks may devastate 
herds and harvests, as well as threaten local food 
stocks. Related to drought event, a huge number 
people under starvation has been growing at an 
alarming rate in the world (Mahoo et al., 2013; 
Funk et al., 2018).  
Ethiopia is one the most vulnerable countries 
facing challenges of drought due to its great 
reliance on climate vulnerable economy (Conway 
and Schipper, 2011). The pivotal position of 
agricultural economy in the total national 
economy is accounted 40.5 percent of Gross 
Domestic Product (GDP), 81 percent of exports 
and 85 percent of labor forces (MoFED, 2016). 
The current annual per capita of food supply in 
Ethiopia is estimated to 202.6 kg, which is lower 
than the minimum world’s food requirement 
threshold of 218 kg (Kedir et al., 2018). 
Furthermore, the adverse impact of drought on 
agriculture in the future may put the country food 
supply in a detrimental situation (FAO, 2012). 
The projected reduction in the Ethiopian 
agricultural productivity due to climate change 
can reduce average income by 30 percent over the 
next 50 years (Gebreegziabher et al., 2016). The 
changes of precipitation and temperatures trigger 
the prevalence of agricultural drought in Ethiopia. 
The frequency and intensity of drought events 
have disrupted crop production and worsened 
food insecurity of the country.  
Ethiopian highlands move towards severe 
climatic shocks due to the higher human activity 
increases the exposure of agricultural sector to 
climate challenges. Therefore, understanding 
climatic variability and its association with 
extreme events (drought and excess rain) under 
different eco-climatic zones is important to 
identify areas vulnerable to climate shocks as well 
as to provide proper adaptation strategies. This is 
critical, particularly for academicians, politicians 
and agronomists to have strong awareness and to 
make proper decision on the future climate change 
related shacks. Consequently, several studies 
were conducted to assess climate change related 
shocks. For instance, Zerga and Mengesha (2018); 
Arndt et al. (2012) had assessed climate 
variability and change, impact, mitigation and 
adaptation. However, all findings are largely 
aggregated and do not reveal the right magnitude 
and inherent capacity of agricultural drought at 
different climatic zones. Therefore, to overcome 
this problem, the study was conducted over the 
moist-cool zone and moist-warm zone. 
MATERIALS AND METHOD 
Description of the study area 
Ale and Adami Tulu are two Woredas, located 
in the two different eco-climatic zones. According 
to Zerga and Mengesha (2018), Ale Woreda 
represented the moist-cool zone and Adami Tulu 
the moist-warm zone. Ale is located between 7 
37 30 to 8 05 00 N in latitude and 35 24 80 
to 355000 E in longitude in Ilu Ababora zone. 
Its elevation is 1803 m a.s.l. and its average annual 
temperature and rainfall is 20C and 2080 mm, 
respectively. Adami Tulu Woreda is one located 
between 7 30 00 to 8 30 00 N in latitude and 
38 21 00 to 38 54 00 E in longitude in the 
East Showa zone, Oromia regional state. Its 
annual average temperatures and rainfall are 21C 
and 856 mm with 1645 m a.s.l elevation (Figure 
1). According to the site map of Ethiopian treasure 
(n.d), the two woredas have four hydrological 
seasons in a year, namely autumn, winter, spring 
and summer. Autumn runs from September to 
November (SON) and it relatively wet, winter is 
dry season running from December to February 
(DJF), spring a rainy season that runs from March 
to May (MAM) and summer is the main rainy 
season or the main cropping season of the two 
districts that happens from June to August (JJA). 
Data collection 
Historical data of maximum and minimum 
temperatures and precipitation of the two zones, 
recorded from 1981 to 2016 during the main crop 
growing seasons (June to September), were 
obtained from NASA power data access viewer. 
They are gridded datasets of rainfall and 
temperature at 0.50x0.50-degree resolution.  
Data detection 
The missing values, outliers and auto-
correlation and homogeneity tests were performed 
before data analyses to avoid the internal variation 
that could affect the absolute values of mean and 
standard deviation the variables. 
 
190  Caraka Tani: Journal of Sustainable Agriculture. 2019. 34(2), 188-199 
 
Copyright © 2019 Universitas Sebelas Maret  
 
Figure 1. Map of the research locations 
 
Time scale selection 
Standardized precipitation evapotranspiration 
index (SPEI)-3 month time scale was selected 
from 1-48 months of time scales to analyze 
agricultural drought index. SPEI-3 month scale is 
a short and medium term of soil moisture and 
provides a seasonal estimate of agricultural 
drought condition when there is insufficient soil 
moisture to meet the needs of a particular crop at 
particular times (WMO, 2012). However, the 3-
month of drought index may also be misleading in 
regions where it is normally dry during any given 
3-month period. Therefore, to avoid such 
problem, we selected four main crops growing 
months from June to September 
Data analyses 
Analysis of temperature and precipitation 
trends 
The non-parametric Mann Kendall test was 
used to detect monotonically time series trended 
climatic factors and drought. Its statistical value 
(S-score) indicates the capacity of the climate 
system to the long-term change of climatic 
factors. Mann Kendall statistic value of 
temperature and precipitation was analyzed using 
R- Studio model. It is defined as the sum of the 
number of positive differences minus the sum of 
the number of negative differences (Edwards, 
1997) and calculated by; 
 
𝑆 = ∑ ∑ sign(𝑌𝑗
𝑛
𝑗=𝑛+𝑘
𝑛−1
𝑘=1
− 𝑌𝑘) 
 
Where: Sign (Yj−Yk) is an indicator function that 
results in the values 1, 0, or −1 according to the 
significance of Yj− Yk, where j =2, 3, 4…and k=1, 
2, 3… then the functions are calculated as follows: 
 
𝑠𝑖𝑔𝑛(θ) = {
    1 𝑖𝑓 θ > 0 
   0 𝑖𝑓 θ = 0
−1 𝑖𝑓 θ < 0
 
 
Where: sign () = sign (Yj -Yk) 
 
A normalized statistical significance test (Z-
score test) was computed to check the statistical 
significance of the increasing or decreasing trends 
of temperature and precipitation at 0.05 (Z_α/2 = 
± 1.96) significance levels.  
Analyses of drought indices  
Potential evapotranspiration, water balance 
and SPEI were analyzed using R software. 
Drought indices such as severity, duration and 
intensity were analyzed using the outputs from 
SPEI analyses. The SPEI allows comparison of 
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drought severity through time and space and 
shows better correlation with the yields of crop 
production which is strongly affected by soil 
moisture. It is statistically robust and easily 
calculated and has comprehensible calculation 
procedure (Beguer, 2014). The crucial advantage 
of SPEI over other drought indices is that it 
considers the effect of temperature on drought that 
is able to identify different types of drought with 
the context of global warming (Funk et al., 2018). 
It is designed to take into account both 
precipitation and potential evapotranspiration in 
the determining drought events. 
Potential evapotranspiration was calculated 
using equation of Hargreaves and Allen (2003). 
This equation can use maximum and minimum 
temperatures with specific values of altitudes of 
the two sites of study. We calculated water 
balance () as the difference between 
precipitation and potential evapotranspiration. 
The difference is the water surplus or deficit for 
the analyzed months and is calculated using the 
equation of Vicente-Serrano et al. (2010).  
 
𝜔 = 𝑃𝑅𝐶𝑃 − 𝑃𝐸𝑇 
 
Where:  is water balance, PRCP is precipitation 
and PET is potential evapotranspiration.  
 
Finally, SPEI was calculated using R-Software 
and drought was defined when the values of SPEI 
fall below zero i.e. the negative SPEI values are 
considered drought and positive SPEI values are 
non-drought. Duration is the period length, in 
which the SPEI is continuous negative and it is 
expressed in terms of consecutive months with no 
rainfall, and the severity of drought was calculated 
as:  
 
𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 (∑) = ∑ 𝑆𝑃𝐸𝐼𝑖
𝐷
𝑖=1
  
 
Where: D is dry duration, in which SPEI is 
continuous negative.  
 
The intensity of drought is measured by 
dividing the drought severity to its duration. 
 
𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝐼) =
∑
𝐷
 
 
Based on the procedure proposed by Edwards 
(1997), the values of SPEI are classified into 
seven categories, from dry to wet conditions. 
‘Positive’ SPEI-3 value designates greater than 
zero and ‘negative’ value designates less than zero 
(Table 1). 
 
Table 1. The classification of drought intensity  
 based on SPEI-3 value 
Anomaly 
Range of SPEI 
values 
Category 
Positive 2 < SPEI ≤ Max Extremely wet 
1.5 < SPEI ≤ 2 Very wet 
1 < SPEI ≤ 1.5 Moderate 
None -1 < SPEI ≤ 1 Normal  
Negative -1.5 < SPEI ≤ -1 Moderately dry 
-2 < SPEI ≤ -1.5 Severely dry 
Min < SPEI ≤ -2 Extremely dry  
Source: Edwards (1997) 
 
The variability and trends of drought were then 
analyzed using Mann Kendall trend test, after 
verifying significant change of agricultural 
droughts. Finally, the significant differences in 
changing the climatic variables and drought 
indices were done by comparing the two climatic 
zones using t test of SPSS version 20. 
RESULTS AND DISCUSSION 
Trend analyses of seasonal temperature and 
precipitation 
Maximum temperature 
Maximum temperature significantly increased 
at shocking rate, especially over the moist-cool 
zone (P<0.01). The Mann Kendall trend test (S) 
results revealed that the maximum temperatures 
of the two Woredas significantly increased at P-
values of 0.01 and 0.04, for Ale and Adami, 
respectively. However, stronger change in 
maximum temperature was observed in Ale than 
in Adami Tulu Woreda. The intensive change of 
the Earth’s surface temperature is primarily due to 
the increase of greenhouse gas concentration from 
human activities (Devaraju et al., 2015). 
Deforestation and forest degradation are the 
principal human activities that decrease 
precipitation and evaporation which results in the 
increase of surface temperature over the 
deforested area (Zhang et al., 1996). The summer 
temperature also increases when the sun passes 
directly above the equator because of the tilt of the 
Earth (De Pontieu et al., 2014). Consistent to this 
study, Asfaw et al. (2018) reported that maximum 
and minimum temperature tended to be 
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significantly increasing trends from 1901 to 2014 
in North Central Ethiopia. An increasing 
maximum temperature during crop growing 
seasons in Ethiopia was also reported by 
Suryabhagavan (2017) which is the real concern 
for agricultural activities.  
Minimum temperature 
Unlike maximum temperature, minimum 
temperature did not change at appreciable level in 
the Adami Tulu, but it significantly increased at p 
value = 0.02 in the Ale Woreda (Table 2).
 
Table 2. Trend analyses of climatic variables in June-September (1981-2016) 
Variables 
Ale Adami Tulu 
S-score Sen’s slop P-value S-score Sen’s slop P-value 
Maximum temperature (JJAS) 222.75 0.01 0.01** 150.25 0.04 0.04* 
Minimum temperature (JJAS) 161.50 0.02 0.02* 119.50 0.06 0.07ns 
Precipitation (JJAS) -168.50 -3.65 0.03* 17.50 1.49 0.78ns 
Note: ** and *statistically changing trend at  = 0.01 and 0.05 respectively; ns = non-significant  
 
Precipitation 
Similar to temperatures, the precipitation of 
Ale Woreda significantly decreased (P<0.05), but 
no significant change was observed in the Adami 
Tulu Woreda. There is high confidence that 
increased temperatures will lead to more 
precipitation falling as increase of an 
evapotranspiration. Many studies reported that the 
reduction of vegetation triggers a significant 
reduction in precipitation amounts due to a 
modification of the evapotranspiration regime and 
consequently of the regional water cycle (Hasler 
et al., 2009; Bathiany et al., 2010). Snyder (2010) 
reported that deforestation to bare land results in 
the decrease of precipitation of 467 ± 102 mm  
yr-1 for loss of forest and 314 ± 117 mm yr-1 for 
loss of shrub lands.  
Agricultural drought analysis 
Three-month time scale of Standardized 
Precipitation Evapotranspiration (SPEI3) was 
computed for the moist-cool and moist-warm eco-
climatic zones (Figure 2). The outputs of the SPEI 
values were characterized for frequency, severity, 
duration, intensity and trends of agricultural 
indices. 
 
 
Figure 2. The SPEI-3 of Ale and Adami Tulu Wordas from 1981 to 2016. 
Red color shows details about drought and blue indicates wet condition of the two 
research locations. 
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Frequency, severity, duration and intensity of 
drought 
Frequency 
The number of drought events occurring since 
1981 year widely-ranged in time and spaces. It 
happened 12 times in 31 years in the Ale and 17 
times in 30 years in Adami Tulu (Table 3). It 
occurred every three and two years for Ale and 
Adami Tulu Woreda, respectively. The frequent 
drought events dramatically increase the number 
of people at risk in Ethiopia (Funk et al., 2012). In 
the country, one drought event lowers GDP by 7 
to 10% and increases poverty by 12 to 14% 
(Makombe et al., 2017). 
 
Table 3. Duration, severity and intensity of agricultural drought 
District Year Severity Duration Intensity Category Description 
Ale 1986   -3.00 2  -1.50 Sever dry June and July 
 1993   -1.12 1  -1.12 Moderate dry July 
 1999   -3.34 2  -1.67 Sever dry July and September  
 2002   -2.65 2  -1.32 Moderate June-July 
 2004   -5.56 4  -1.39 Moderate June-September  
 2005   -4.11 2  -2.05 Extremely  June and July 
 2008   -3.45 2  -1.72 Sever dry August and September 
 2009   -1.76 1  -1.76 Sever dry July 
 2010   -5.68 4  -1.42 Moderate dry June-September 
 2013   -2.91 2  -1.45 Moderate dry August and September 
 2015   -4.53 3  -1.51 Sever dry June, August and September  
 2016   -3.84 2  -1.92 Sever dry June and July 
1986-2016 12 -41.95 27  -1.5537 Sever dry June-September 
Adami Tulu 1985   -3.00 2  -1.50 Sever dry August and September 
 1986   -3.90 2  -1.95 Sever dry August and September 
 1987   -1.04 1  -1.04 Moderate dry July 
 1988   -1.02 1  -1.02 Moderate dry July 
 1989   -1.02 1  -1.02 Moderate dry June 
 1990   -1.27 1  -1.27 Moderate dry June 
 1994   -4.73 3  -1.58 Sever dry July-September 
 1996   -1.18 1  -1.18 Moderate dry September  
 1997   -1.09 1  -1.09 Moderate dry June 
 1998   -6.58 4  -1.64 Sever dry June-September  
 2001   -4.14 3  -1.38 Moderate dry July-August  
 2004   -1.47 1  -1.47 Moderate dry August 
 2008   -1.61 1  -1.61 Sever dry June 
 2013   -1.13 1  -1.13 Moderate dry June 
 2014   -3.70 3  -1.23 Moderate dry June, August, September  
 2015   -4.62 3  -1.54 Sever dry June, August, September 
 2016   -6.72 4  -1.68 Sever dry June-September  
1985-2016 17 -48.22 33  -1.4612 Moderate dry June-September  
 
Severity 
The harshness of agricultural drought 
fluctuated, going up and down, in both sites 
during the time series. The total amounts of 
severity indices were -41.95 and -48.22 for Ale 
and Adami Tulu Woreda, respectively. The most 
severe drought indices with -16.96 and -16.17 
bottom values were recorded in the 2010 to 2016 
for Ale and Adami Tulu. Increasing severity of 
drought might be associated to global temperature 
increase. The strong role of temperature on the 
drought severity is increasing heat wave, in which 
extreme high temperature dramatically increases 
evapo-transpiration and correspondingly aggra-
vates drought stress (Rebetez et al., 2009) and 
enhances plant mortality under precipitation 
shortages (Hicke and Zeppel, 2013). 
Duration 
The length of drought occurrence is one of the 
most characteristics of drought that can be 
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calculated by using outputs of SPEI analysis. The 
total time covered by incidences of agricultural 
drought was 27 and 33 months for Ale and Adami 
Tulu Woreda, respectively. The longest durations 
of drought events, four months, were recorded in 
the 2004 and 2016 at Ale, and in the 1998 and 
2016 at Adami Tulu. The other five events with 
three-month-long duration happened in 2014 at 
Ale district and the others four events were 
observed in 1994, 2001, 2014 and 2015 years in 
Adami Tulu (Table 3). Recent study revealed that 
global warming increases the duration of drought 
events. Liu et al. (2018) stated that the projected 
1.5 to 2C increase of global warming increases in 
drought durations from 2.9 to 3.2 months. 
However, the drought events during 1992, 
1998, 2004, 2005, 2010, 2014 and 2016 might be 
related to the El Nino listed by NOAA climate 
prediction center (2012). USAID AKLDP (2015) 
also stated that the changes in the Pacific Ocean 
temperature creates unusual weather patterns, 
such as drought or excessive rainfall and storms in 
Ethiopia, Somalia and Djibouti. 
Intensity 
It is the most important parameters to quantify 
the strength of the agricultural drought. The 
average intensity of drought recorded in the Ale 
was -1.55 drought spell. The highest drought 
intensity was observed in the Ale Woreda in 2005 
for June and July with -2.05 lowest SPEI values 
and followed by -1.92 drought spell, which was 
recorded in the 2016. According to Edward 
(1997), the lower values of drought indices 
indicate the higher intensity of drought and thus, 
drought intensity values -2.05 and -1.92 were 
labeled as exterme, and severe dry, respectively. 
The other five drought intensity levels were 
considered severe dry and four were moderately 
dry. Similarly, the average drought intensity level 
of Adami Tulu Woreda was -1.46 index values. Its 
highest intensity level was recorded in 2016 with 
lowest value of -1.68 index. Seven and ten distinct 
levels of agricultural droght intensities were put 
under severe and moderate dry in Adami Tulu 
woreda (Table 3). 
The spatial distribution of agricultural drought 
intensity was analyzed to identify the scope of 
agricultural drought at the two sites. Results 
showed that the intensity of agricultural drought 
covered wider areas in Ale Woreda as compared 
to drought intensity coverage in the Adami Tulu 
Woreda. Drought intensity location AL1, AL2 
and AL3 were found to be severe dry (greater than 
1.5) and in the other location, AL4, was observed 
wet conation (Figure 3A). The spatial distribution 
of drought intensity in Adami Tulu Woreda 
covered only for the most part of lacation BL4. 
BL2 and BL3 were observed very wet whereas 
BL1 was normal (Figure 3B). 
The highest drought intensity of Ale Woreda 
might be related to the effects of temperature 
increase at the region. The increasing temperature 
upsurges heat wave, in which extreme high 
temperatures dramatically increase evapo-
transpiration and correspondingly aggravate 
drought stress (Rebetez et al., 2009). The drought 
in 2004-2005, 2010, 2015 and 2016 might be 
related to El Nino events of 2004-2005, 2006-
2007, 2009-2010, 2014-2016 listed by Colombia 
University (2015). 
Several studies reported that the deficiency of 
water, especially during critical sowing, flowering 
and ripening period decreases crop yields and 
increases food insecurity (Lamaoui et al., 2018). 
From an agriculture point of view, rainfall during 
June and July is very critical for crop sowings, 
rainfall during July and August is very critical for 
plant physiological growth and rainfall in August 
is vital for the growing, flowering and ripening of 
different crops. Rainfall pattern in August and 
September plays a greater role in the occurrence 
of agricultural drought (Zargar et al., 2011). The 
planting onset of most staple crops like maize, 
sorghum, millet and durum wheat sowing starts on 
May and ends on July 15, and the crop growth of 
flowering and ripening period is between June 
1and September 31 in the eastern parts of Oromia 
(CSA, 2016). However, the value of drought 
index less than -1.5 indicates a very small amount 
of rainfall that is certainly not enough to maintain 
enough soil moisture for agriculture (Kumar et al., 
2015). The stresses resulting from drought during 
the above critical times can influence the normal 
physiological process of the plant and cause 
damage, as the result of abnormal metabolism and 
may reduce growth, plant death or plant 
development (Fathi and Tari, 2016). The shoot 
and root biomass of the crop plants are higher in 
moist soil than in dry soil (Xue et al., 2017).
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Figure 3. Spatial distribution of agricultural drought intensity 
 
Analysis of drought variability and trends  
Results of Mann Kendall trend analysis 
indicated that agricultural drought was wide-
ranged by time and spaces. The S-values of 
drought intensity in the Ale Woreda significantly 
increased (P<0.05) whereas there was not any 
appreciable change in drought intensity observed 
in Adami Tulu Woreda. The P-values of drought 
intensity increment in the Ale Woreda were 0.03, 
0.01 and 0.01 for July, August and September, 
respectively. Their rates of increment per a year, 
in percent, were 3.83, 4.16 and 4.96 for July, 
August and September (Table 4). The significant 
change of drought indices during the definite 
months might be associated to the change of 
climatic factors. Peterson (2018) reported that 
climate variability and shifting trends produce 
severe droughts, and the fragile food insecure 
populations may rapidly face severe food crises as 
supplies drop, prices rise and household incomes 
decline. 
 
Table 4. Analysis of trends of agricultural drought intensity 
Month 
Ale Adami Tulu 
S-score Sen’s slop P-value S-score Sen’s slop P-value 
June -84 2.31 0.30ns -104 1.97 0.16 ns 
July -166 3.83 0.03*     54 1.12 0.49 ns 
August -204 4.16 0.01** -78 1.78 0.31 ns 
Sept -218 4.96 0.01** -76 1.38 0.33 ns 
JJAS -212 3.64 0.01** -72 1.07 0.35 ns 
Note: ** and * statistically decreasing trend at  = 0.01 and 0.05 significant levels, respectively; ns = non-
significant; JJAS indicates June, July, August and September 
 
Comparative analysis of climate change and 
drought indices  
The mean values of S-scores from trend 
analyses were compared by using paired samples 
t test, in which eco-climatic zone, temperature, 
precipitation and drought strongly changed. 
Results showed that the means of S-score in 
maximum temperature, precipitation and drought 
#*
#*
#*
#*
AL4
AL3
AL2
AL1
35°40'0"E35°30'0"E35°20'0"E
8°10'0"N
8°0'0"N
7°50'0"N
7°40'0"N
#*
#*
#*#*
BL4 BL3
BL2
BL1
38°50'0"E38°40'0"E38°30'0"E
8°0'0"N
7°50'0"N
7°40'0"N
7°30'0"N
7°20'0"N
A) ALE WOREDA B) DAMI TULU WOREDA
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High : 2.12
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Low : -1.46
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Low : -1.55
0 10 20 305
Kilometers
±
0 10 205
Kilometers
N 
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indices of two eco-climatic zone were 
significantly different (P<0.05). Nonetheless, 
there was not any appreciable mean of minimum 
temperature difference between the two zones. 
This indicates that the changes of the variables in 
Ale Woreda were significantly stronger than the 
corresponding variables in the Adami Tulu 
Woreda (Table 5). 
 
Table 5. Mean comparison of climatic variables and drought over the moist-cool and moist-warm 
climatic zones 
Climate variables 
Mean of S-score 
Difference Stdev P-value 
Ale Adami Tulu 
Maximum temperature (JJAS) 222.75 150.25 72.0 35.18 0.035* 
Minimum temperature (JJAS) 161.25 119.00 42.5 37.62 0.11ns 
Precipitation (JJAS) -168.50 17.50 -186.0 92.58 0.03* 
Drought indices (JJAS) -212.00 -72.00 -140.0 59.14 0.04* 
Note: **and* statistically decreasing trend at  = 0.01 and 0.05 significant levels, respectively; ns = non-
significant; JJAS indicates June, July, August and September 
 
The stronger change of the maximum 
temperature and precipitation in Ale might be due 
to the ecological change through deforestation. 
The forest ecological change is likely to affect the 
climate through both biochemical and biophysical 
processes and contribute to climate change (Alig, 
2011). An anthropogenic land cover changes 
affect local, regional and global climate through 
biophysical variations of land cover that arbitrates 
evapotranspiration (Perugini et al., 2017). The 
maximum increase enhances hydrological cycle 
and evapotranspiration and increases droughts in 
general, and meteorological and agricultural 
drought are more influenced by climate change in 
particular (Lee et al., 2017). 
CONCLUSIONS 
This work synthesized results of observational 
studies, focusing on agricultural drought due to 
temperature and precipitation changes in the 
different climatic zones. Results indicated that the 
changes in maximum and minimum temperatures 
and precipitation were more pronounced in the 
moist-cool climatic zone than in moist-warm 
climatic zone. The changes of climatic variables 
aggravated agricultural drought in both zones, but 
its strength and distribution were more 
pronounced in the Ale than in Adami Tulu 
Woreda. The study confirmed that Ethiopian 
moist-cool eco-climatic zones rapidly tracked 
toward severe climatic shocks because the change 
in climatic variables was more intensified over the 
moist-cool than over moist-warm climatic zone. 
Therefore, developing drought-tolerant crops and 
soil water conservation shall be done for coping 
up with future drought challenges in the moist 
cool climatic zone. 
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